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ION ACCELERATION DURING RAYLEIGH TAYLOR INSTABILITY (M=0)
DEVELOPMENT, IN A HIGH CURRENT PLASMA COLUMN

A- PLASMA COLUMNM

| ®— B(t) ~ I(t)/r

Q—— F(t) ~ I(t)xB(t)

B- INSTABILITY DEVELOPMENT ("“PINCH" EFFECT)

B
B 2
—“\5;1/" T Fi ~ 1 xB
\ F_~1xB
I 'rlT_ r, 2 2
_/\
- F, > F,
C- DIODE LIKE FORMATION
Voe e = ~30/8t
~ ().—-/i e ~ A(B.A)/At
. _ I =0 B, ~ I,/8
e :F/ @ - Bf=0
£ ~ (Bi.A)/At
e
ESTIMATED FIELD
AT ~ 1~ 100kA ; At ~0,lns ; A~ 8" ; & ~ 10um
e~ [ (1 /208) . 82 ] / At
O m

£ ~ 200 kV
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PLASMA GUN: CHARACTERISTICS

GEOMETRY:
Anode: ® = 17mm ; 1 = 70mm
Cathode: ® =50mm ; 1 = 70mm
Insulator: & = 21mm ; 1 = 25mm
PHYSTCAL PARAMETERS:
Capacitor Bank: c = 4uf

| V = 25kV

L =.0.01uHy

Operating Pressure: 0.35 Torr.

ION BEAM: CHARACTERISTICS
Fluence per shot: f <.%x10140m_2
Pulse time duration: &t > 200 ns

Ion beam energy (continuous spectral

law): N ~ E-2'4

N nunder of ions with E energy, and

E > 20ke”/ per ion.

Higher (F) fluences can be obtained by
accumulation of n 3ingle shots.
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PENETRACION DE IONES ENER GETICOS
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SURFACE TEMPERATURE EVOLUTION

The temperature evolution due to the interaction of pulsed
nitrogen beams was studied using finite differences

calculations.
Calculations were done assuming the following:

o During penetration, the ions loose ,t.heir kinetic energy
gradually and ﬁniformly

. Every ion stops at a depth equal to the RANGE
coi‘responding to its kinetic energy E

e The ion energy is totally converted into thermal energy in
the affected layer

e The only cause of cooling is the thermal conduction at the
bulk of the sample

e The thermal constants of the implanted material (bulk)
were used |

e No boundary conditions were used

The calculations were done for different ion beam pulses

characteristics
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STAINLESS STEEL {AVSY 304D
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Friction Force (kg)

Scar Depth (pm)
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Steel: 0.53%2 C, 3.8% Ni , 1,65% Cr

MICROHARDNESS VICKERS (25 gr.)

IMPLANTATION CONDITIONS MICROHARDNESS
fluence [cm—z] At [ns] HVN
non implanted | ---———- 270 * 10
5'x 10 400 260 = 10
15
S5 x 10 350 270 £ 20
5 x 1015 300 : 550 = 70

(In collaboration with Dr. A.R. da Costa,
Escola de Minas, Univ. Fed. Ouro Preto,

Brasil).
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MICROHARDNESS

HV  (Vickers microhardness)

Load: 5 gq.
Penetration depth: ~ 0.6um.

'RESULTS:
Pure Titanium: HV = 270 kg/mm2

Inplanted in conditions
A and B: - HV = 655kg/mm>



RESIDUAL STRESSE S
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TABLE 1
Surface residual stress aevolution with Nitrogen ions
implantation in the AISI 1075 ferritic steel.

Sample Rolling Dir. Tranev. Dir.

non-implanted 232140 MPa 245115 MPa
.1.5 10185 Jonas.om-2 -286+24 MPa = @ ——a__

1.5 1017 Ions.cm-= ~-261150 MPa - =28B0+37 MPa

. TABLE II o
Surface Residual stresses in the M2 Steel implanted with
Nitrogen Ions:

Sample : Rolling Dir. Transv. Dir.
non-implanted -880'467 MPa  -768%35 MPa
1.5 1038 Ione.cm-2 -304125 MPa ~358%52 MPa
2.5 1018 Ions.cm-2 342+51 Mpa . 454+B7 MPa
O(MPa O(MPa)
600 f ) 600
i o - 0° & - 00°
0= 0
=gt ——9 )
~600 } : ' =500 }
( )
—.10 i 'l i 2 - L _1000 A i n 1 !
OOD 20 40 80 80 500 120 0 20 40 60 80 100 120
Deplh{ zem) Depl_r_w(,u.m)

" Residual Stress esolution with depth in M2 steel.
aNitrogen implantation dose: 3.5 1012 lons cm—2.
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CONCLUSIONS

e Plasma Focus is an efficient plasma
accelerator

e High energy, ultra short time duration
pulsed plasmas can be generated several
times per second

* Low cost ((5100.000), portable (1 meter,
30kg) accelerator can be constructed

e Surface modification of steels and other
alloys are induced, with important
tribological and mechanical properties
improvement

® These changes can be mainly attributed to
the thermal effect (thermal shock), in
addition to other effects like ion
implantation when, for example nitrogen is
used as the carrier gas in the discharge



En la Figura 3 se puede ver el sistema completo, incluyendo la camara de descarga (CD). vy en la

Figura 4 una fotografia con et modulo terminada.
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REACTOR CHAMBER DURING AN ION NITRIDING PROCESS

NEGATIVE GLOW AROUND THE CATHODE
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N, (B,0-X,0) 1. negative
N,(C,v'-B, v'") Av=-2 1% positive
N,(C,v'-B, v'") Av=-3 2™ positive

Ica(v'v'") =k(AM)[C, v] Acs(v', v'") . A
*No(C, v state density [C, V']

* k(A) spectral response of the instr.
* Acp : radiative freq. of (C, v'-B, v")

uuuuuuuuuuuuu

N;(C, v') are produced by:

a) e+NyX, V) = e+ NyC,Vv")
b) Ni(A) + Ny(A) =  Ny(C, V") +Ny(X)
) iNz(A) + Ny(X, v>19) = Ny(C, v') + No(X)

d) NyX,v>24) + Np(X, v>19) = NG, v") + Ny(X)
=
e) e+N,'(X) = e+N'(X)
) NoX, v>12) + N,'(X) = NoX, v) + N;'(B)
When in a new cycle the glow begins: ‘ 7
a) e+Ny(X,v) = 2e +N,"

LYy e+ NoX, v) = e+ N+N
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CONCLUSION II

The excitation of N5(C,v) and N,'(B,0) has been analyzed by
emission spectroscopy in negative glow of pulsed Np-Hj |
discharges and afterglows.

o For constant current discharge, the substrate temperaturc
and operation voltage decreases when the H/N
concentration ratio increases.

¢ In the afterglow the vibrational excitation of No(C,v)
increases, as 'happens for pure N, experiments and can be
in;terpreted by collisions of Ny(X,v) metastables
molecules.

o For mixtures with H,, although the Ny(C,v’) species are
efficiently destroyed by H atoms, they are still sufficiently
populated to excite the No(C,v") vibrational states in the

afterglow.



(a) 10pm (b) 10pm

Figure 4 Scanning electron micrograph of a transverse section adjacent to
the treated face of the API 5L X-65 6h plasma nitrided steel
showing that the intragranular acicular phase (Fe|gN>) is present

up to a depth of around 20um.

-.- ' : .f;,_ ! ‘

3um

Figure 5 Scanning electron micrograph of a transverse section adjacent to
the treated face of the APl 5L X-65 6h plasma nitrided steel
showing, the interaction between the surface (y’e €) nitride layer

and the cementite (Fe;C) of a pearlite colony.
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Figure 1 X-ray difractograms of the 6h plasma nitrided API 5L X-65
steel; for incident beam angles of; 0.6°, 2°, 10° and 30°
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Electron temperature ~ 0.5 eV
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- Eq. a): electronic thresheld of ~ 1l eV o> eq. 1;) in the m — T

i) e 1/ dt = [N2(A) Ky + [N2(A)J(N(x, v>19)] ke +
[Natx, 7> 2001 kg - N ) V') ,
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CONCLUSION 111

The kinetic of phase development during jon nitriding with
glow discharge was studied by In situ/Real Time/X ray
diffraction, using Synchrotron radiation,

* The Fe-alpha phase peak intensity reduction during the
process is a consequence of the formation of different iron
nitrides at the top of the layer.

* The observed systematic increase in the interplanar
distances during the first minutes of the process agree with
the expected thermal expansion.

* There were observed the formation of three different
hitrides: FesN-gamma and F e3N-epsilon during the first
minutes and F €3.17No g3 later on.

* During the process under isothermal conditions the
interplanar spacing for all Phases was constant, except for
the Fe;N one, that exhibit a decreasing trend probably due

to the action of siresses.
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Figure 8

S SR WP (I

Permeabilidade (mol 4 m 'g'x 107

Tempo {s x 10 )

Hydrogen permeation curves for the API 5 X-65 steel; (PS)
an untreated sample, (Pns}) a 6h plasma nitrided sample tested
with hydrogen generation at the nitrided face, (Psn) a 6h
plasma nitrided sample tested with hydrogen generation at the
non-ireated face.
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Table L. Angular possition (Brage angies; of the FesN-€ (43 82y and Fey 170 su-& phases for

different treatment times

PHASES 28/ di A

a-1 a-2 a-3 a-4 a-3 a-6 a-13
FesN (100) - e 4377 4391 4498 4498 .. 43.91
2.3609 2.3537 23005 23003 2.3537
FespNows (100)  —— = 44.82° 4475 4489 4475 . 44.68
2.3083 23117 23049 23117 2.3152
FesN (101) - 4979  49.93  50.07 30.14  30.07 .. 30.14
2.0005 - 2.0850~ 2.0795 20768 2.0795 2.0768
FesN (102) - e 65.88°  66.02° 66.16  66.16 .. 66.23
. 1.6184-- 1.6153 1.6123 1.6123 1.6108
Fes_l;t‘,l\’(,_s3(1oz) ------------ o mmmea SUUUIU . 67.28
1.5885
FesN (110)  =meemm e 80.08 80.29° 80.36  80.50° .. 80.50
13678 1.3649 1.3639 1.3620 1.3620

3.2.2- Hydrogen permeation modification of steel by surface ion nitriding

Using the same parameter oflion nitriding that the ones described in 3.2.2.1-, samples of
API SL X-65 steel were treated for hydrogen permeation tests. The permeation tests were

performed in the Hydrogen Lab. -of the Metalivrgical Depariment of the University of Ric de

Janeire, Brazil

Hydrogen permeation parameters—..were determined using electrochemical hydrogen
permeation tests, the necessary cathodic charging potentials being obtained from the results of
prior potentiodynamic polarisation scans. All electrochemical tests were performed using a TA

GP-201H programmable electrochemical interface (galvanostat/polentiosiat/zero resistance



